ABSTRACT Background: Evidence of an association between fish and meat consumption and risk of dementia is inconsistent and nonexistent in populations in developing countries. Objective: The objective was to investigate associations between fish and meat consumption with dementia in low-and middleincome countries. Design: One-phase cross-sectional surveys were conducted in all residents aged 65 y in 11 catchment areas in China, India, Cuba, the Dominican Republic, Venezuela, Mexico, and Peru. A total of 14,960 residents were assessed by using the 10/66 standardized protocol, which includes face-to-face interviews for dietary habits and a cross-culturally validated dementia diagnosis. Results: Dietary intakes and the prevalence of dementia varied between sites. We combined site-specific Poisson regression prevalence ratios (PRs) for the association between fish and meat consumption and dementia in 2 fixed-effect model meta-analyses adjusted for sociodemographic and health characteristics and fish and meat consumption as appropriate. We found a dose-dependent inverse association between fish consumption and dementia (PR: 0.81; 95% CI: 0.72, 0.91) that was consistent across all sites except India and a less-consistent, dose-dependent, direct association between meat consumption and prevalence of dementia (PR: 1.19; 95% CI: 1.07, 1.31). Conclusions: Our results extend findings on the associations of fish and meat consumption with dementia risk to populations in lowand middle-income countries and are consistent with mechanistic data on the neuroprotective actions of omega-3 (n-3) long-chain polyunsaturated fatty acids commonly found in fish. The inverse association between fish and prevalent dementia is unlikely to result from poorer dietary habits among demented individuals (reverse causality) because meat consumption was higher in those with a diagnosis of dementia.
INTRODUCTION
Dementia is a chronic and progressive age-related disease characterized by irreversible cognitive decline and functional impairment. Worldwide, .24 million people have dementia, two-thirds of whom live in low-and middle-income countries (LAMICs) (1, 2) . Treatment and prevention of dementia in LAMICs remains a largely neglected topic (3, 4) .
Oily fish consumption is potentially appropriate for both the primary and secondary prevention of dementia and has biological plausibility (5, 6) . Oily fish are a rich source of omega-3 longchain polyunsaturated fatty acids (n23 LCPs), which have antiinflammatory, antioxidant, antiatherogenic (5), antiamyloid, and neuroprotective properties (7, 8) . Evidence of a benefit of fish consumption on dementia risk is currently limited to developed countries. Most observational studies report an association of high fish intake with better cognition (9, 10) or lower risk of dementia (11) (12) (13) (14) (15) , although these findings are not consistent across all studies (16, 17) . A recent small randomized controlled trial in healthy Dutch adults found no benefit of n23 LCP supplementation over 6 mo (18) , further trials are underway (19, 20) , and current evidence of a benefit on cognitive health is not convincing (21) . Furthermore, fish foods may contain contaminants, such as mercury and dioxins, that might contribute to neurodegenerative disorders. The proposal that the benefits of fish intake outweigh the potential risks (22) cannot currently be extended to LAMICs because of the absence of region-specific data.
Although few studies present data on the association of meat intake with risk of dementia, reports of associations with constituents of meat, such as saturated fat and cholesterol, are more frequent. In a large cohort of French adults followed for 7 y, there was no association of reported meat intake with dementia risk (11) . Cross-sectional studies have reported a direct association of cholesterol with risk of cognitive impairment (10, 23) , although this is not supported by longitudinal data (24) and gene-nutrient interactions are suggested (25) . A direct association of saturated fat intake with cognitive decline (26, 27) , vascular dementia (28) , and Alzheimer disease (12) has been found in some, but not all (29) , cohorts.
The current data were derived from the 10/66 population-based studies on dementia and aging in 10 LAMICs. The objectives of the current report were as follows: 1) to describe fish and meat intakes and their relation to the health and sociodemographic characteristics of older people across countries, 2) to test the hypotheses that dietary fish is inversely associated and dietary meat is directly associated with prevalent dementia, and 3) to test the consistency of the country-specific hypothesized inverse association of fish and dementia with control for the relevant confounders and after having disaggregated the potential concomitant opposing effect of meat consumption.
SUBJECTS AND METHODS

Study design
This was a cross-sectional catchment area one-phase survey of older people (aged 65 y) carried out at 11 sites: one urban and one rural in Peru, Mexico, China, and India and in urban sites only in Cuba, the Dominican Republic, and Venezuela. More affluent areas of the countries were avoided. Details on the catchment areas can be found on the 10/66 website (www.alz.co. uk/1066). Recruitment dates ranged from January 2003 to November 2007.
Participants
The chosen areas were mapped, and all residents aged 65 y were enumerated by means of door-knocking. Age was ascertained on the basis of self-report, documentation, and a relative's confirmation. No other inclusion or exclusion criteria were applied. Power calculations showed that a sample size of 2000 per country would allow an estimation of a typical dementia prevalence of 4.5% with a precision of 60.9%.
Study protocol and operational procedures
The 10/66 Dementia Research Group standardized protocol was administered in full to all study participants (30) . Development and validation of the 10/66 dementia diagnosis was previously successfully conducted in 25 LAMICs, including the 7 reported here (31) . The participant interviews and assessments lasted from 2 to 3 h and were generally carried out at the participant's household. All materials, questionnaires, and assessments were translated into the local languages by bilingual local clinicians. In two 1-wk intensive training courses, held in London (United Kingdom) and Barcelona (Spain), the 10/66 London team trained the local principal investigators (PIs) on the 10/66 protocols and procedures. A detailed manual and a video training course were prepared on the physical and neurological examinations covering all aspects of the 10/66 protocol, the assessments, and the study procedures. Local interviewers were medical doctors in Cuba and China and lay interviewers (generally health workers) in all other centers. All received the same standard training on the 10/66 protocol and assessments. Moreover, the local PIs carried out periodic quality-control assessments and random checks throughout the data collection process. Data were recorded on paper data entry sheets and entered locally onto computers by using EpiData (32) files on which conditional skips and range checks were predefined. Data were then exported to SPSS (33) and STATA (34) , cleaned, and combined into a single data set. The institutional review boards of the Institute of Psychiatry, KCL in London. and the institutional ethics committees in each of the countries that took part in this study approved the study protocol and its procedures.
Measures
The 10/66 protocol comprises questionnaires on participants' sociodemographic characteristics, health status, health behaviors, and risk factor exposures; physical and neurological examinations; and an extensive informant interview. In situations in which the participant was too cognitively impaired to answer questions, information was gathered from an informant. Details on measures and assessments are extensively described elsewhere (30) . For the purposes of this study we considered the following variables: 1) Sociodemographic characteristics: sex, age, educational level, household living circumstances, and number of assets (motor vehicles, television, refrigerator and/or freezer, water utilities, electricity utilities, telephone, plumbed toilet, and plumbed bathroom). 2) Diagnosis of dementia: according to the 10/66 diagnostic algorithm (31). 3) Dietary habits: standardized questions on average weekly fish and meat intakes were measured in face-to-face interviews. Response options for "how often do you eat fish/ meat in a week?" were "never," "some days," "most days," and "every day." The average daily portions of vegetables and fruit consumed were also recorded as was the alcohol units drunk per week. 4) Depressive episodes (mild, moderate, or severe): ascertained by using the Geriatric Mental State Examination (35) according to the International Classification of Diseases, 10th edition (ICD-10) (36). 5) Diastolic and systolic blood pressures: measured on 2 occasions, and the mean was calculated. Hypertension was defined according to the European Society of Hypertension (ESH) definition (average systolic blood pressure 140 mm Hg and/or average diastolic blood pressure 95 mm Hg) (37).
6) Self-reported chronic disease diagnoses: standardized questions ("have you ever been told by a doctor that you had a stroke/heart attack/angina or have diabetes?") were asked for stroke, ischemic heart disease, and diabetes. 7) Smoking habits: ever smoked, current smoker, and lifetime smoking.
Data analysis
Participants' characteristics by country
We present descriptive statistics to illustrate the sociodemographic and health characteristics of participants and their weekly fish and meat intakes by country. On inspection of the data, we combined participants who reported fish or meat intakes on "most days" and "every day" given the small numbers in these groups.
We calculated correlations (Kendall's s) between fish and meat consumption by country. We then used unadjusted ordered logistic regressions to measure the associations between fish and meat consumption (entered in the model as ordered categorical variables) and participants' health and sociodemographic characteristics after having dichotomized age (,75 y vs 75 y), educational level (no or very limited education vs at least completed primary school), smoking habits (never smoked vs ex-and current smokers), living arrangements (alone or with spouse only vs with 2 people), and number of assets (less vs .3 assets).
Association between prevalent dementia and diet
Dementia status was determined by applying the 10/66 diagnostic algorithm (31) . To ascertain the risk of dementia associated with fish consumption we first calculated unadjusted robust prevalence ratios (PRs) with 95% CIs using Poisson regression, with control for household clustering and dietary intakes as continuous variables. Units of increase for all PRs are per fish and meat consumption level, year of age, education level (5 grades from none to tertiary), number of assets (0 to 7), number of servings of fruit and vegetables per week, and alcohol consumption (units/wk). The assumption was made that the levels of fish consumption had a natural ordering (low to high), with unknown distances between adjacent levels. We then performed the same analysis entering fish consumption in the model as an ordinal categorical variable. We carried out a likelihood ratio test to compare the 2 models by country. Because in none of the countries except China (v 2 = 4.03, P = 0.04) (Table 4) were the 2 models significantly different, PRs (with 95% CI) from the former model-interpreted as a test for trend-were considered and a linear effect of fish consumption on prevalent dementia was implied.
We repeated the statistical procedure for meat consumption and again found no significant departures from linearity (Table 5) . Therefore all PRs for the association between dementia and dietary meat intake were again calculated after meat intake was entered as a continuous variable in the Poisson regression models.
In 3 further models, we used Poisson regressions to generate adjusted PRs for the associations between prevalent dementia and weekly intakes of fish foods and meat. In model 1 we controlled for age, sex, and educational level. On the basis of the evidence in the literature, family history of dementia, self-reported chronic disease diagnoses (namely stroke, diabetes and coronary heart disease), ICD-10 depression, and smoking habits were included in model 2 along with living arrangements (living alone or with spouse only as opposed to living in multigenerational families) and number of assets (less vs .3 assets) as proxies of food availability and affordability. All variables were considered potential confounders, likely associated with both dietary habits and dementia status. Finally, to assess the independent effect of fish with control for other nutritional factors, we estimated model 3 in which the average daily number of fruit and vegetable portions and the weekly intake of meat (or fish as appropriate) and alcohol were added to the covariates of model 2. We carried out likelihood tests to test for departures from linearity and to test for the hypothesis of a linear association between dietary intake and dementia prevalence.
Finally, to summarize the associations between dietary fish, dietary meat, and prevalent dementia, we assumed that the true association was the same in all countries and combined the country-adjusted PRs from model 3 (see above) in 2 fixed-effect model meta-analytic forest plots. We did not use random-effect models because we wished to summarize the countries within this study rather than generalize to a hypothetical population of centers. A formal test for between-studies heterogeneity (Cochran's Q) was performed, and I
2 Higgins values (38) were calculated (larger values meaning higher heterogeneity). Descriptive and analytic statistics were carried out by using release 1_7 of the 10/66 data set with STATA 9.2 software (StatCorp 2007, Stata Statistical Software: release 10; StataCorp, College Station, TX).
Role of the funding source
Study design, data collection and analysis, and interpretation of the findings were independent of all sponsors. All authors agreed on the contents of the article, and the ultimate decision and responsibility of submission lies with the corresponding author.
RESULTS
This article includes data on 14,960 participants from urban sites in Cuba, the Dominican Republic, Venezuela, and urban and rural sites in Peru, Mexico, China, and India. Response rates among eligible enumerated older people (65 y) ranged from 80% to 94% (Table 1 ) (2) . Missing values for each variable are reported by country in Table 1 .
Participants' sociodemographic and health characteristics by country
The sociodemographic and health characteristics of participants are presented by country ( Table 1 ). The age distribution across countries was fairly consistent, with Venezuelan, Chinese, and Indian participants being slightly younger than in other countries. There were more women than men in the sample in every site. Participants in Cuba and Peru were better educated than were those in other countries. Extended family living arrangements were the norm, particularly in Venezuela and Peru. Socioeconomic disadvantage, as indexed by having 3 household assets, was most prevalent in the Indian sample and in the Dominican Republic and Mexico. The prevalence of hypertension and cardiovascular disease was highest in the more developed Latin American centers, particularly Cuba. However, the prevalence of hypertension in Peru was strikingly low.
Smoking was very uncommon among older people in Peru and considerably more common in Cuba, India, and China. The prevalence of dementia in the samples has been reported in detail elsewhere (2) . In brief, there were 1340 prevalent dementia cases in the whole sample, and the prevalence varied from 6.3% to 11.7% by country, being higher in the Latin American countries than in China and India (Table 1) .
Fish and meat consumption
Fish and meat consumptions varied considerably across countries ( Table 2 and Table 3 ). Fish consumption was highest in Venezuela and China and lowest in India and the Dominican Republic. Meat consumption was lowest in Venezuela and highest in the Dominican Republic, China, Peru, and Cuba.
Fish and meat consumption was modestly positively correlated in Cuba (Kendall's s = 0.14), the Dominican Republic (0.10), Peru (0.19), and Mexico (0.14); strongly correlated in China (0.56) and India (0.77); and not correlated in Venezuela (20.05). In all countries but Venezuela (P = 0.21), the correlations were statistically significant (P , 0.001). There was a general trend toward lower consumption of both fish and meat among older participants; however, this trend was only statistically significant in Cuba and China for fish and in Venezuela for meat. The ordered logistic regression models showed that in all countries except China, alcohol consumption was consistently higher among those with higher fish and meat intakes. Those with higher educational levels and more assets reported higher fish and meat intake across all countries. Crude associations between fish and meat intakes and history of stroke, self-reported (Table 2 and Table 3 ).
Association between prevalent dementia and dietary fish
There was a consistent finding in all countries, except India, of an inverse association between reported fish consumption and dementia prevalence. In the crude model, the PRs for each increase in fish consumption category ranged from 0.40 (95% CI: 0.26, 0.60) in China to 1.13 (95% CI: 0.84, 1.50) in India (Table  4) . In model 1 the inverse association of dietary fish with dementia was attenuated somewhat after age, sex, and educational level were adjusted for. PRs did not substantially change in model 2 after family history of dementia, self-reported chronic disease diagnoses, ICD-10 depression, smoking habits, living arrangements, and number of assets were adjusted for. Further adjustment for the effect of dietary meat, alcohol consumption, and daily portions of fruit and vegetables (model 3) did not substantially alter the estimates. Likelihood ratio tests showed no significant departures from linearity in any country (Table 4) , although the inverse linear trend was only statistically significant in China (Table 4) . To summarize the effect of fish consumption on prevalent dementia across the whole sample, the countryspecific robust PRs (and 95% CI) from model 3 were combined into a meta-analysis that estimated a combined PR from the fixed-effect model of 0.81 (95% CI: 0.72, 0.91) among those who ate fish more often (Figure 1) . The heterogeneity of effect between countries was not significant (P = 0.16), and the degree of inconsistency in results was very low (Higgins I 2 = 36%; 95% CI: 0, 73). In no country was there a significant association between fish consumption and degree of dementia severity (according to the Clinical Dementia Rating scale).
Association between prevalent dementia and dietary meat
The crude association between meat intake and prevalent dementia was inconsistent across countries. In Cuba (1.28; 95% CI: 1.04, 1.58) and Peru (1.52; 95% CI: 1.16, 1.99), PRs showed a statistically significant direct association between meat consumption and dementia risk, which remained statistically significant after potential confounders were adjusted for ( Table 5) . In China the crude PR suggested a statistically significant inverse association between meat consumption and risk of dementia (0.67; 95% CI: 0.50, 0.90), which became statistically nonsignificant after adjustment ( Table 5 ). The likelihood ratio tests showed no departure from linearity, whereas the hypothesis that meat consumption would be associated with a higher risk of dementia was only supported in Cuba and Peru. When we combined the country-specific robust PRs (with 95% CI) of model 3 into a fixed-effect model meta-analysis, we estimated a combined PR of 1.19 (95% CI: 1.07, 1.31) for the association between meat consumption and prevalent dementia (Figure 2 ).
There was no statistically significant heterogeneity of estimates between countries (P = 0.15), and the degree of inconsistency in results was very low (Higgins I 2 = 37%; 95% CI: 0, 73). In Cuba there was a significant association between severity of dementia and meat consumption, with higher meat consumption among those with more severe dementia according to the Clinical Dementia Rating scale (v 2 = 6.1, df = 1, P = 0.014).
DISCUSSION
We showed for the first time that a statistically significant trend toward a lower prevalence of dementia among those with higher dietary fish intake in large population-based samples of older people living in 5 countries in Latin America, China, and India. The country-specific association of fish intake with dementia was only statistically significant in China, but meta-analysis combining data from all countries showed a statistically significant association (PR: 0.81; 95% CI: 0.72, 0.91) that remained even after adjustment for a large array of potentially relevant sociodemographic and health-related factors. The negative association was not present in India (PR: 1.47; 95% CI: 0.92, 2.35). Reported fish and meat consumption was positively correlated in most countries, and there was also evidence of a modest increased risk of dementia among those with higher meat consumption (PR: 1.19; 95% CI: 1.07, 1.31). We did not have information on type of fish and meat consumed, portion size, and method of cooking, which may all be relevant factors.
To our knowledge, this is the largest population-based study on this topic to date from either developing or developed country samples. Our findings are consistent with some (12, 15, 39) but not all (16, 17) studies on fish intake in Western countries and support previous associations of saturated fat (12, (26) (27) (28) , although not meat (11), with cognitive health. We are not able to say whether the inconsistency in findings was due to the type of fish and meat reportedly consumed in our study. Our findings should be interpreted with caution given the cross-sectional study design and the limitations in our dietary assessments. Moreover, although our study's internal validity and intercountry 1 Prevalence ratios were adjusted for household clustering. Unit of increase in prevalence ratios are per fish, per meat consumption (none per week, some days, most days, or all days), per year, per level of education (5 levels from none to completed tertiary school), per number of assets (0 to 7), fruit and vegetable intake (servings/wk), and alcohol consumption (units/wk).
2 Adjusted for age, sex, educational level, and number of household assets. 3 As for model 1 plus family history of dementia; number of International Classification of Diseases, 10th edition, depressive symptoms; self-reported stroke; self-reported diabetes; self-reported coronary heart disease (including angina and myocardial infarction); smoking habit; living arrangements (live alone or only with spouse); and number of assets. 4 As for model 2 plus meat intake, alcohol consumption, and number of daily portions of fruit and vegetables.
comparisons are strong, we recognize that our findings should only be generalized to populations with similar dietary and health characteristics. Identical study protocols were used across the 7 LAMICs. The validity of the dementia outcome has been shown in crosscultural pilot studies in 25 countries worldwide (31) . Our face-toface questions to assess dietary habits were simple and well tolerated both by healthy participants and by those with dementia, whose answers were confirmed by an informant. The major limitations of this report arise from the cross-sectional design. We cannot entirely exclude the possibility that reverse causality, information bias, differential mortality, or residual confounding may have accounted for the observed findings (40) . Whereas those with dementia might be expected to have a lower food intake, this seems unlikely to have accounted for the potential protective effect of fish intake given that those with dementia generally reported a higher intake of meat. There was no evidence among those with dementia that progression of the disease was associated with reduced fish intake. Those with a more sufficient diet of meat may have survived longer with dementia, accounting for the positive cross-sectional association. This would be consistent with the finding in Cuba that those with more advanced dementia had higher meat intakes. This association may also have arisen from information bias because those with dementia may have been selectively likely to over-or underreport their dietary exposure to meat or fish. Random errors in reporting of dietary exposures will also have occurred and may have led to an underestimate of the true associations. Attrition was avoided in our one-phase design (41) , and high response rates were obtained in all countries. We cannot exclude the possibility of selection bias, FIGURE 1. Meta-analysis (fixed-effect model) of country prevalence ratios (PRs) (and 95% CIs) for the association between fish consumption and 10/66 dementia. PRs are from robust Poisson regression models adjusted for household clustering as for model 3 in Table 4 , ie, adjusted for age, sex, educational level, and family history of dementia and controlled for number of International Classification of Diseases, 10th edition, depressive symptoms; self-reported stroke; self-reported diabetes; self-reported coronary heart disease (including angina and myocardial infarction); smoking habit; living arrangements (live alone or only with spouse); number of assets; meat intake; and number of daily portions of fruit and vegetables. 1 Prevalence ratios were adjusted for household clustering. Unit of increase in prevalence ratios are per fish, per meat consumption (none per week, some days, most days, or all days), per year, per level of education (5 levels from none to completed tertiary school), per number of assets (0 to 7), fruit and vegetable intake (servings/wk), and alcohol consumption (units/wk).
which might explain our findings if those without dementia reporting higher fish intakes were more likely to participate in the study. However, in our experience, healthy persons were less available than impaired persons for interviews; moreover, older persons in LAMICs may have scant awareness of the healthrelated properties of fish.
Our results extend previous findings on the beneficial effects of fish consumption on dementia in LAMICS and provide preliminary evidence of the etiological significance of diet in dementia. More substantive evidence will come from the incidence phase of our project, in which we will be able to compare the incidence of dementia according to dietary exposure at baseline (30) , and from randomized controlled trials of the effectiveness of n23 LCP supplementation for the prevention of cognitive decline (19, 20) .
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